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a ABSTRACT 
Transdermal delivery of testosterone (T) represents an effective 

alternative to injectable androgens. Transdermal T patches normal- 
ize serum T levels and reverse the qymptoms of androgen deficiency 
in hypogonadal men. However, the acceptance of the closed system T 
patches has been limited by skin irritation and/or lack of adherence. 
T gels have been proposed as delivery modes that minimize these 

e upper arms, s 
and abdomen dried within a few minutes, and about 9-148 of the T 
applied was bioavailable. After 90 days of T gel treatment, the dose 
was titrated up ( 50 mg to 75 mg) or down (100 mg to ‘75 mg) if the 
preapplication serum T levels were outside the normal adult male 
range. Serum T rose rapidly into the normal adult male range on day 
1 with the first T gel or patch application. Our previous study showed 
that steady state T levels were achieved 48-72 h after first application 
of the gel. The pharmacokinetic parameters for serum total and free 
T were very similar on days 30,90, and 180 in all treatment groups. 
After repeated daily application ofthe T formulations for 180 days, the 

average serum T level over the 24-h sampling period t Ca,.pi was high- 
est in the 100 mg T gel group (1.4- and 1.9-fold higher than the C& 
in the 50 mg T gel and T patch groups, respectively). I\lean serum 
steady state T levels remained stable over the 180 days of T gel 
application. Upward dose adjustment from T gel 50 to 75 mg/day did 
not significantly increase the C,, whereas downward dose adjust- 
ment from 100 to 75 mg/aay reduced serum T levels to the normal 
range for most patients. Serum free T levels paralleled those of serum 
total T, and the percent free T was not changed with transdermal T 
preparations. The serum dihydrotestosterone C,, rose 1.3-fold above 
baseline a&r T patch application. but was more significantly in- 
creased by 3.6 and 4.6-fold with T gel 50 and 100 mg/day, respec- 
tively, resulting in a small, but significant, increase in the serum 
dihydrotestosterone/I’ ratios in the rwo T gel groups. Serum estradiol 
rose, and serum LH and FSH levels were suppressed proportionately 
with serum T in all study groups: serum sex hormone-binding globulin 
showed small decreases that were significant only in the 100 mg T gel 
group. We conclude that transdermal T gel application can efficiently 
and rapidly increase serum T and free T levels in hypogonadal men 
to within the normal range. Transdermal T gel provided flexibility in 
dosing with little skin irritation and a low discontinuation rate. 
(J Clin Endocrinol Metab 85: 4500-4510, 2000) 

T I-IE SKIN IS an attractive route for systemic delivery of 
steroids. Transdermal preparations of testosterone (‘I) 

provide a useful delivery system for normalizing serum T 
levels in hypogonadal men and preventing the clinical symp- 
toms and long-term effects of androgen deficiency (l-5). 
Currently available transdermal patches are applied to the 
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scrotal skin (Testosderm) or to other parts of the body (An- 
droderm and Testoderm ‘ITS). The former requires prepa- 
ration of the scrotal skin with hair clipping or shaving to 
optimize adherence of the patches. The permeation- 
enhanced T patch (Androderm) is associated with skin irri- 
tation in about a third of the patients, and lo-15O0 of subjects 
have been reported to discontinue the treatment because of 
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Research (\‘an Nuys, CA); J. Kaufman. Urology Research Options (Au- 
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S. Scheinman and H. W. Hutman. South Florida BioavaDaSilitv Clinic 
(Miami, FL); S. L. Schwartz, Diabetc and Glandular Disease Cl&z, P.A. 
(San Antonio, TX); C. Steidle, Northeast lndiana Research (Fort Wayne, 
fN); J. Susset, MultiMed Research (Providence, RI); G. \\‘ells, Alabama 
Research Center. L.L.C. (Birmingham, AL); and R. E. Dudley, S. 
Faulkner, S. Rehousky, G. Ringham. W. Singleton, a..d K. Zunich, 
Unimed Pharmaceuticals, Inc. (Deerfield, IL). 
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chronic skin irritation (6, 2. Preapplication of coticosteroid 
cream at the site of application of the Xndrocierm patch has 
been reported to decrease the incidence and severity of the 
skin irritation @).-The most recently approved nonscrotal T 
>,ltch (Testoderm TTS) causes less skin irritation (itching in 
‘b ‘1 out 129/o and erythema in 3% of the subjectr), but adherence 
of the patch to the skin poses a problem in -wrne subjects (9, 
10). Despite these limitations of local irritation and adherence 
to skin, the various T patches provide a steady state delivery 
of T to the circulation that mimics the normal diurnal rhythm 
of serum T at the low to mid normal adult male range (11-V). 
The long-term use of these transdermal androgen delivery 
patches has been shown to be efficacious in maintaining 
sexual function, secondaq sexual characteristics, and bone 
md muscle mass in hypogonadal young and elderly men (5, 
:l3-21). 

T and other steroids can also be applied to the skin in open 
systems. When T is applied to the skin surface as a hydroal- 
coholic gel, the gel dries rapidly, and the steroid is absorbed 
into the stratum comeum, which serves as a reservoir. The 
reservoir in the skin releases T into the circulation slowly 
over several hours, resulting in steady state semm levels of 
the hormones (22). Our previous short-term (7-14 days) 
pharmacokinetic studies of both T and 5adihydrotestoster- 

ne (DHT) transdermal hydroalcoholic gels showed that the 
..:~drogens were absorbed, and peak levels of the applied 
androgens occurred 18-24 h after initial application. With 
continued application of the gel for 7-14 days, steady serum 
levels of androgens were maintained (23,24). About 9-14% 
of the T in the gel applied to the skin is bioavailable (24). We 
also demonstrated that application of the T gel (100 mg/day) 
at a single site or four separate sites resulted in serum T levels 
at the upper limit of the normal range, with about 23% higher 
Serum levels when the gel was applied at four sites. In the 7- 
.* l&day studies, neither T nor DHT gel produced skin 
critation in the small number of subjects studied (23,2-l). In 

the present study we investigated the detailed pharmacoki- 
netics and tolerability of T gel (AndroGel) at hvo dosages (50 
and 100 mg/day) and T patch after repeated daily dosing for 
180 days in a large number of hypogonadal men (n = 227) 
recruited from 16 centers across the United States. 

TABLE 1. Baseline characteristics of the hypogonadal men 

Subjects 
Subjects and Methods 

-Two hundred and hventy-seven hypogonadal ma were recruited. 
randomized, and studied m 16 centers in the United States. .-\bout one 
third of the subjects kvere randomized into each treatment group (Table 
1). The patients were between 19-68 yr of age and had single morning 
serum T levels at screening of 10.4 nmol/L (300 ng/dL) or less. The 
screening serum T concentrations were measured at each center’s clin- 
ical laboratory. Previously treated hypogonadal men were withdra\\n 
from ‘I’ ester injection for at least 6 weeks and from oral or transdermal 
androgens for 4 weeks before the screening visit. Aside from the hv- 
pogonadism, the subjects were in good health, as evidenced by mediial 
history, physical examination, complete blood count, urinalysis, and 
serum biochemisp. If the subjects were taking lipid- lowering agents 
or tranquilizers, the doses were stabilized for at least 3 months before 
enrollment. The subjects had no history of chronic medical illness or 
alcohol or drug abuse. The subjects had a normal rectal examination. a 
prostate-specific antigen level of less than 4 ng/mL, and a urine flow rate 
of more than 12 mL/s before enrollment to the study. They were ex- 
cluded if they had a generalized skin disease that might affect T ab- 
sorption or a prior history of skin irritability with the nonscrotal T patch 
(Androderm). Subjects with body weight of less than 80 or more than 
140% of ideal body weight and subjects taking medications known to 
alter the cytochrome P-I50 enzyme systems were also excluded from this 
study. 

T gel and patch 

T gel (AndroCel) was manufactured by Besins Iscovesco (Paris, 
France) and supplied by Unimed Pharmaceuticals, Inc. (Deerfield, IL). 
The formulation is a hydroalcoholic gel containing 1% T (10 mg/g). 1Ve 
have previously shown that about 9-14% of the steroid in the gel appIied 
is available to the body. Thus, 10 g gel applied to the skin contain 100 
mg T and delivers approximately 10 mg T to the body (23, 2-1). Ap- 
proximately 250 g gel were packaged in multidose glass bottles that 
delivered 2.27 p: gel for each actuation of the DumD. Patients assigned to 

gel e;roup were given one bktlebf T nel and one bottle 
chicle only); those assigned to the 100 

were dispensed two bottles of the active T gel. All patients applied 
-orplacebo gel at tour separate sites each dav (rieht and left upper 
ar&/shoulaers and right gnd left abdomen). dn hai 1 of the study.-the 
patients were instructed to depress the pump of one of the bottles once. 
and the gel was applied to the right upper arm/shoulder. Then, using 
the same bottle, a second dose of gel was delivered and applied to the 
left upper arm/shoulder. The second bottle was then used with the 
actuation of the pump for gel to be applied to the right abdomen and 
the second actuation to the left abdomen. On the following dav, the 
application sites were reversed. Alternate application sites conhued 
throughout the study. After application of the gel to the skin, the gel 

Treatment -mup 

No. of subjects enrolled 

T patch 
0 5 mg/day ) 

76 

T gel 
(50 mg/day ) 

73 

T gel 
( 100 mg/day b 

78 
Age (yr) 51.1 51.3 ii.0 
Range (yr1 28-67 23-67 
Ht (cm) 

19-68 
179.3 + 0.9 li5.8 + 0.8 

Wt (kg) 
178.6 z 0.8 

92.7 2 1.6 90.5 -c 1.8 
Serum T (nmol/L) at screening’ 

91.6 z 1.5 
6.40 2 0.41 6.44 -f 0.39 

Causes of hypogonadism 
6.49 2 0.3i 

Primary hypogonadism 34 26 
Secondav hypogonadism 

34 
15 17 12 

Aging 6 13 6 
Normogonadotropic hypogonadism 21 17 

Yr diagnosed 
26 

5.8 z 1.1 4.4 Ic- 0.9 
No. previously treated with T ICC 1 

5.7 ir 1.24 
50 (65.8) 38 (52.1) 

Duration of treatment 
46 (59.0 1 

QT) 3.8 + 1.0 5.4 0.8 c 4.6 = 0.7 

a Screening serum T concentrations were measured before enrollment in each study center’s clinical laboratory and not at the central 
laboratory. 
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dried within a few minutes. The patients washed their hands with soap 
and water thoroughly after gel application. After 90 days the subjects 
titrated to the 75 mg I day T gel dose were supplied with three bottles, 
one containing placebo and two containing T gel. The subjects were 
instructed to apply one actuation from the placebo bottle and three 
actuations from the-T gel bottle to four different sites of the body as 
described above. 

T patches (Androderm) were provided, each delivering 2.5 mg:‘day 
T, which is the recommended replacement dose for androgen replace- 
ment therapy. The patients were instructed to apply two T patches to a 
clean dry area of skin on the back, abdomen, upper arms, or thighs once 
per day. Application sites were rotated, with an approximately T-day 
interval between applications to the same site. T gel or patches were 
applied at approximately 0800 h each morning for 180 days. 

In the T gel group, treatment compliance was estimated as the per- 
centage of T gel actually used compared with the theoretical amount of 
T gel that could have been used. The actual amount of T gel used was 
measured as the difference in weight of the dispensed and returned T 
gel bottles. The theoretical weight of T gel that could have been used was 
calculated as 2.27 g/actuation X days in study X 2,3, or 4 actuations 
depending on whether the dose of T gel was 50,75, or 100 mg, respec- 
tively. In the T patch group, the actual number of patches used was 
compared with the theoretical number that could have been used cal- 
culated as days in study x 2 patches/day. 

Study design 

The study is a randomized, multicenter (16 centers), parallel study 
including 2 doses of T gel and a single dose of T pa tches. A placebo group 
was not included because 6-month placebo treatment of hypogonadal 
men was not believed to be justifiable, as untreated hypogonadism will 
result in impaired libido, decreased strength, bone mineral loss, and 
other clinical defects. The study was double blinded until day 90 with 
respect to the T gel groups and open label for the T patch group. For the 
first 3 months of the study (days l-90), the subjects were randomized 
to receive 50 mg/day T gel (in 5 g gel delivering about 5 mg T/day), 100 
mg/day T gel (in 10 g gel delivering about 10 mg T/day), or 2 patches 
delivering 5 mg T/day (T patch). in the following 3 months (days 
91-180), the subjeck were administered 1 of the following treatments: 
50 mg/day T gel, 100 mg/day T gel, 75 mg/day T gel, or 3.0 mgiday 
T patch. Patients who were applying T gel had a single, preapplication 
serum T measurement made on day 60; if the levels were within the 
normal range (10.4-34.7 nmol/L; 300-1000 ng/dL), they remained on 
their original dose. Men with T levels at 60 days of treatment less than 
10.4 nmol/L and who were applying 50 mg T gel and those with T levels 
more than 34.7 nmol/L who had received 100 mg T gel were then 
assigned to the 75 mg/day T gel group for days 91-180. No changes in 
dose were made to subjects randomized to T patch. 

On days 0, 1,30,90, and 180 subjects had multiple blood samples for 
T and free T measurements at 30, 15, and 0 min before and 2, 4, 8,12, 
16, and 24 h after T gel or patch application. Brief history and physical 
examinations were performed, and any complaints or adverse events 
were documented in the subject’s records. In addition, subjects returned 
to each study center on days 60,120, and 150 for a single blood sampling 
before application of the gel or patch. Serum DHT, estradiol (E,), FSH, 
LH, and sex hormone-binding globulin (SHBG) were measured in sam- 
ples collected before gel or patch application on days 0, 30, 60, 90, 120, 
150, and 180. Sera for hormones were stored frozen at -20 C until assav. 
All samples for a patient for each hormone were measured in the same 
assay whenever possible. Ln addition, the subjects were examined for 
any adverse effects and skin irritation. 

Hormone assays 

Except for the screening serum T concentration, which was measured 
at each center’s clinical laboraton-, all hormone assays xvere performed 
at the Endocrine Research Laboratoq of the Harbor-Universip of Cal- 
ifomia-Los PLngeles Medical Center. Serum T levels were measured after 
extraction with ethyl acetate and hexane by a specific RLA using reagents 
from ICN Biomedicals, Inc. (Costa Mesa, CA). The cross-react+vitjes of 
the antiserum used in the T RIA w’ere 2.0% for DHT, 2.30~ for andro 
stenedione, 0.8”” for 3&androstanediol, 0.6% for etiod\olano]one, and 
less than 0.01’0 for al] other steroids tested. The lower limit of ananti- 
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tation of serum T measured b!- this assay was 0.87 nmol/L (7~ ng/dL). 

The mean accuracy (recovery) of the T assay, determined by spiking 

steroid free serum with van-kg amounts of T (0.9-52 nmo]/L), was 
lolo (range, 9 2-117%). The mtra- and interassay coefficients of the T 
assay were 7.3% and 11.1% at the normal adult male range, which in our 
laboratory was 10.33-36.17 nmol/L (298-1043 ng/dL). Serum free T was 
measured by RlA of the dialysate after an overnight equilibrium dialysis, 
using the same RIA reagenk as in the T assay. The lower limit of 
quantitation of serum free T using this equilibrium dialysis method was 
estimated to be 22 pmol/L. \Ihen steroid-free serum was spiked with 
increasing doses of T in the adult male range, increasing amounts of free 
T were recovered. with a coefiicient of variation that ranged from ll- 
18.3”0. The intra- and interassay precisions of free T were 15% and 16.8°;b, 
rc-spectively, for adult normal male values (121-620 pmol/L, 3.48-17.9 
ng./dL). 

Serum DHT was measured by RIA after potassium permanganate 
treatment of the sample followed bv extraction. The methods and re- 
agents of the DHT assay were provided by Diagnostic Systems Labo- 
ratories, Inc. (Webster, TX). The cross-reactivities of the antiserum used 

in the RIA for DHT were 6.5?0 for 3@mdrostanediol, 1.2% for 3a- 
anclrostanediol, 0.4% for 3a-androstanediol glucuronide, 0.4% for T 
(after potassium permanganate treatment and extraction), and less than 
0.01 for other steroids tested. This low cross-reactivity against T was 
further confirmed by spiking steroid free serum with T (35 nmol/L, 1000 
ng./dL) and taking the samples through the DHT assay. The results even 
on spiking with over 35 nmol ‘L T were less than 0.1 nmol/L DHT. The 
lower limit of quantitation of serum DHT in this assay was 0.43 nmol/L. 
-U values below this vaiue were reported as less than 0.43 nmol/L. The 
mean accuracy (recovery) of the DHT assay, determined by spiking 
steroid free serum with vaq-ing amounts of DHT from 0.43-9 nmol/L, 
was 101% (range, 83-11470). The intra- and interassay coefficients of 
variation for the DHT assay were 7.8% and 16.6%, respectively, for the 
adult male range, which in our laboratory was l-06-6.66 nmol/L (30.7- 
193.2 ng/dL). 

Serum E2 levels were measured by a direct assay without extraction 
with reagents from ICN Biomedicals, Inc. The intra- and interassa! 
coefficients of variation of Ez were 6.5% and 7-l%, respectively, for 
normal adult male range (E,. 63-169 pmol/L, 17.1-46.1 pg/mL). The 
lower limit of quantitation of the E, was 18 pmol/L. Ali values below 
this value were reported as 18 pmol/L. The cross-reactivities of the Ez 
antibody were 6.9% for e&one, 0.4% for equilenin, and less than 0.019; 
for alI other steroids tested. The accuracy of the Ez assay was assessed 
by spiking steroid free serum with an increasing amount of E, (18-275 
pmol/L). The mean recovery of E, compared with the amount added 
weas 99.1% (range, 95-101%). 

Serum SHBG levels were measured by assay kits obtained from Delfia 
(W’allac, Inc., Gaithersburg, 3B.I). The intra- and interassay pm&ions 
were 5% and 12%, respectively. for the adult normal male range (lo.& 
46.6 nmol/L). Serum FSH and LH were measured by highly sensitive 
and specific fluoroimmunometric assays with reagenk provided by 
Delfia (Wallac, Inc., Gaithersburg, MD). The intraassay coefficient of 
variations for LH and FSH fluoroimmunometric assays were 4.3% and 
5.2’0, respectively, and the interassay variations for LH and FSH were 
11.0”0 and 12.0%, respectively tadult normal male range: LH, 1.0-8-l 
L/L; FSH, 1.0-6.9 U/L). For both LH and FSH assays, the lower limit 
of quantitation was 0.2 IU/L. .ti samples obtained from the same subject 
w-ere measured in the same assay. 

Statistical analyses 

Descriptive statistics for each of the hormone levels were calculated. 
Before analysis, each variable w-as examined for ik distributional char- 
acteristics and, if necessary, transformed to meet the requirements of a 
normal distribution. There were no significant differences between the 
study sites on any of the parameters; therefore, the data presented were 
pooled for all of the centers. T”e pharmacokinetic parameters for each 
full sampling day were dete&Ted by noncompartmenta] methods. The 
pharmacokinetics of T gel were assessed using the area under the curve 
from O-24 h (AUC,-,,) generated by the 24 h of multiple blood sampling 
for T on days 1,30,90, and 180. The AUC was computed using the linear 
trapezoid method. The average T concentration over the 24 h after ge] 
application (C,,.,) was calculated as the AUCo-zJ divided by 24 h. 

AU data in the figures and tables show the treatment mean (-+SEM) 
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by time and /or day for each of the three groups of subjects based on the 
treatment from days O-90 and for each of the five groups from days 
91-180. However, because the final treatment groups (five groups) for 
the subjects receit.ing T gel were no longer randomized, statistical com- 
parisons between groups were only performed untii day 90 using the 
original treatment assignments (50 or 100 mg T gel or patch) as the 
independent groups. Comparisons between groups were performed 
using one-way AiiOVA or the Kruskal-Wallace test taccumulation ratio, 
fluctuation index) followed by post-test contrasts. .tialysis of the effects 
was performed using repeated measures ANOVA. The ,$ test was used 
to compare rates. Analyses of change from day 0 to day 180 within 
treatment groups were performed within each of the five groups based 
on pattern using paired t tests. Comparisons resulting in P : 0.05 were 
considered statistically significant. SXS version 6.12 was used for all 
analyses (SX Institute, Inc., Chicago, IL). 

Subjects 
Results 

A total of 227 patients were enrolled: 73, 78, and 76 were 
randomized to the 50 mg/day T gel (T gel SO), 100 mg/day 
T gel (T gel loo), and T patch groups, respectively (Table 1). 
There were no significant differences in the patients’ char- 
acteristics at baseline (height, weight, and previous T treat- 
ment). Thirty-five to 45% of the patients in each treatment 
group had primary hypogonadism (Klinefelter’s syndrome, 
anorchia, testicular failure); 15-25% had IveIl defined sec- 
ondary hypogonadism (Kallman’s syndrome, hypothalamic 
pituitary disease, pituitary tumor). The other patients had 
low serum T and normal or low normal LH levels. These 
were ascribed to aging (based on age >60 yr), or normogo- 
nadotropic hypogonadism. These patients did not have brain 
imaging to exclude hypothalamic-pituitary disease. Their 
primary physician did not deem that brain scans were in- 
dicated. After completion of day 90,55 of the subjects in the 
T patch, 67 in the T gel 50, and 73 in the T gel 100 groups 
agreed to continue for another 3 months (days 91-180). The 
discontinuation rate (21 of 76, 27.6%) in the T patch group 
was higher (P = 0.0002) than those in the T gel groups (50 mg: 
6 of 73, 8.2%; 100 mg: 5 of 78, 6.4%). Most of the discontin- 
uation in the T patch group was due to adverse skin reaction 
based on the subjects’ complaints and records. After 90 days 
of treatment, patients randomized initially to the T gel 
groups had dose adjustment if their preapplication serum T 
level was below 10.1 or above 34.7 nmol/L on day 60. Twenty 
subjects who had received 50 mg/day T gel had their dose 
increased to 75 mg/day; 20 who had received 100 mg/day 
T gel decreased their dose to 75 mg/da,v. The exceptions 
were 1 100 mg T gel patient who was adjusted to 50 mg/day 
and 1 50 mg T gel patient who decreased the dose to 25 

mg/day. Before approval of the long-term follow-up study, 
3 patients who were receiving T patch until day 90 were 
switched to T gel 50 from days 91-180 because of skin irri- 
tation from the patches. The data for these 3 patients as well 
as for the single subject who was changed from 100 to 50 
.ng/day were analyzed as the T gel 50 group from days 
91-180. The number of subjects enrolled in the study from 
days 91-180 was 195, with 51 receiving T gel 50,40 receiving 
T gel 75, 52 receiving T gel 100, and 52 continuing on the 
patch. 

Treatment compliance 

From days l-90, the mean treatment compliance rates 
were 89.8%, 93.1%, and 96.09’0 for the T patch, T gel 50, and 
T gel 100 groups, respectively. During da>-s l-180 (the 
6-month study period), the mean compliance rate was 86.3% 
for the T patch and 93.396, 111.4%, and 96.5?0 for the 50, 75, 
and 100 mg/day T gel groups, respectively. 

Pharmacokinetics of serum T concentrations (Table 2 and 
Fig. 1.1 

At baseline (day 0) average serum T concentrations over 
24 h (C,,,) were similar in the three groups and were below 
the normal adult range (Fig. 1). In all three groups, during the 
24-h baseline period the mean maximum T levels (C,,,) 
occurred between 0800-1000 h (O-2 h in Fig. l), and the 
minimum (C,,) T levels occurred 8-12 h later, demonstrat- 
ing the expected diurnal variation of serum T. 

About 35% of the patients in each group (2-4 of 73 subjects 
for the T gel SO,26 of 78 subjects for the T gel 100, and 25 of 
76 subjects for T patch) had Cavg within the lower normal 
adult male range on day 0. (The Cavg of serum T levels at 
baseline in the subjects with normal serum T on day 0 were 
13.3 z 0.4,13.3 2 0.5, and 13.0 2 0.5 nmol/L in the T patch, 
T gel SO, and T gel 100 groups, respectively.) However, over 
55% of these subjects had one or more serum T measure- 
ments below 10.4 nmol/L during the course of day 0. All 
except three of the subjects met the enrollment criterion of 
senun T less than 10.4 nmol/L at screening (measured at 
each center’s laboratory). These three subjects were enrolled 
during a brief period when the admission serum T level was 
raised to 12.1 nmol/L (350 ng/dL) or less by the sponsor. The 
Caks of serum T in the three treatment groups on day 90 after 
transdermal T application was different between those with 
low (T patch, 11.8 t 0.8; T gel 50,17.2 2 1.2; T gel 100,25.9 f 
1.4 nmol/L) or normal (T patch, 14.5 + 0.7; T gel 50,25.1 + 
2.4; T gel 100, 29.5 + 1.9 nmol/L) baseline serum T levels. 
This was anticipated; however, statistical analyses with two- 
way ANOVA showed that the status (C,,,) of serum T at 
baseline of more than or less than 10.4 nmol/L had no sig- 
nificant interaction with treatment. Thus, the differential re- 
sponse to transdermal T treatment was not confounded by 
the pretreatment serum T concentrations. Inclusion of these 
subjects did not influence the pharmacokinetic results of the 
treatment groups. Thus, in all subsequent pharmacokinetic 
analvses, all subjects in a treatment group \\.ere analyzed 
together regardless of whether their Cavg of serum T on day 
0 was more than or less than 10.4 nmol/L. 

On day 1 after the first application of transdermal T, serum 
T rose most rapidly in the T patch group, reaching a C,,, 
between 8-12 h (T,,,), plateaued for another 8 h, then de- 
clined to the baseline. Serum T rose steadily to the normal 
range after T gel application, with C,,, achieved by 22 and 
16 h in the T gel 50 and T gel 100 groups, respectively. 

On days 30 and 90, serum T followed a similar pattern as 
on day 1 in the T patch group. In the T gel groups, serum T 
levels were at steady state, showing small and variable in- 
creases after treatment. After gel application on both days 30 
and 90, the Cavg in the T gel 100 group was l&fold higher 
than that in the T gel 50 group and was 1.9-fold higher than 
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TABLE 2. Serum T pharmacokinetic parameters afier transdermal application of T gel or patch 

Parameters T patch T gel 
(50 mg/dayI 

T gel 
(100 mg/day) 

Day0 
Cavg hmolL) 
C mu (nmol/L) 
c,i, bmolm 

Day 1 
Cavp mnolm 
L4% (nm0l.L) 
cmi, (nmol/L~ 
T max (h) 

Day30 
-&a e- C Cavp mm (nmol/L~ (nmol/Li 

’ 
+I 

8.22 2 0.55 8.22 + 0.53 8.60 z 0.55 - 
10.89 + 0.71 11.37 -t 0.72 11.55 2 0.76 

6.07 + 0.42 6.07 2 0.42 6.52 2 0.44 

16.71 -c 0.82 13.80 -c 0.63 17.82 ,+ 0.90 
22.36 2 1.13 19.42 z 1.09 25.86 it 1.39 

8.04 + 0.53 7.90 2 0.50 8.67 2 0.57 
11.8 22.1 16.0 

14.62 t 0.17 19.62 -t 1.12 2 7 19.96 = 0.92 30.37 c 1.99 41.60 27.46 + 1.94 1.18 

6.15 2 0.50 12.52 t 6.36 17.51 t 0.94 

Cavg hmolL~ 14.46 + 0.68 19.17 z 1.06 27.46 + 1.12 
C ma bmolm 20.70 + 1.05 29.33 z 1.91 41.74 z 2.31 
c,, (nm0lL) ‘1.38 2 0.46 12.27 = 0.63 17.37 + 0.78 
T max h) 8.1 4.0 7.9 

Day 180 T patch T gel 
(50 mg/day) 

T gel 
(50 to 75 mg/dayI 

T gel 
(100 to 75 mg/day) 

T gel 
(100 mg/day) 

14.14 t 0.88 19.24 + 1.18 15.60 2 3.68 25.79 + 2.55 24.72 z 1.05 
20.04 2 1.31 28.78 f: 1.81 23.58 2 3.72 38.48 z 3.72 37.55 It 2.17 

7.69 z 0.62 12.86 + 0.86 10.47 2 2.47 17.51 2 1.85 16.82 2 0.78 
10.6 5.8 2.0 7.8 7.7 

C,, (nmol/L,), Time-averaged concentration over 24-h dosing interval determined by AUC,,&4; C,, (nmol/L), maximum concentration 
during 24-h dosing inte~~I; C,, (nmolL), minimum concentration during 24-h dosinginkrval;T,,,time at which C,, occurred. 

that in the Tpatch group (P = 0.0601). The variation in serum 
coqzentration over the day [fluctuation index = (C,,, - 
Cm)/Cavg] was similar in the three groups. On days 30 and 
90, the accumulation ratio, which is defined as the increase 
in daily exposure to T with continued transdermal applica- 
tion (calculated as AUCdaX. 3. 0r 90/AUCda,. J was 0.94 2 0.04 
for the T patch group shokng no accumulation, whereas the 
accumulation ratios at 1.53 or 0.09 and 1.9 = 0.18 were sig- 
nificantly higher (P = 0.0001) in the T gel 50 and 100 groups, 
respectively. This indicates that the T gel preparations had a 
longer effective half-life than the T patch (Table 2 and Fig. 2). 

On day 180, the serum T concentrations achieved and the 
pharmacokinetic parameters were similar to those on days 30 
and 90 in those patients who continued in their initial ran- 
domized treatment groups (Fig. 1 and Table 2). 
tients who switched from T gel 50 or 100 to T gel 75, their @+Fy; V 
on=180was20@ + 176wuJ/i.,~thp - I 

c * CIn f: 1.1 el 100 
(X.72 -I 6.08 nmol/L) groups. Examination of Table 2 and 

- 

Fig. 1 shows that the patients titrated to this T gel 75 group 
were not homogeneous. On day 180, the Ca,.s in the patients 
in the T gel 100 group who converted to 75 mg/day on day 
90 was 1.7-fold higher than the Ca,.s in the patients titrated 
to T gel 75 from 50 mg/day. Despite adjusting the dose up 
by 25 mg/day in the T gel 50 to 75 group, the Ca,.s remained 
lower than for those remaining in the 50 mg group. In the T 
gel 100 to 75 group, the CaVg became similar to those achieved 
b!- patients remaining in the T gel 100 group without dose 
titration. 

The increase in AK o-24 h on days 30,90, and 180 from the 
pretreatment baseline (net AUCOez4 h) showed dose propor- 
tionality. The mean for the net AUCo-zj h from day 0 to day 

30 or 90 was about 1.7-fold higher for T gel 100 than for T gel 
50 patients (T gel 50: day 30, 268 t 28; day 90, 263 + 29 
nmol/L*h; T gel 100: day 30, 446 -C 30; day 90, 461 + 27 
nmol/L*h). A 4.3 nmol/L (125 ng/dL) mean increase in the 
serum T C =,.s level was produced by each 25 mg/day of T gel. 
The increases in AUCOez4 ,, from the pretreatment baseline 
achieved by the T gel 100 and T gel 50 groups were approx- 
imately 2.9- and 1.7-fold higher than those resulting from 
application of the T patch (day 30,154 t 18; day 90,157 2 
20 n.mol/L-h). 

The preapplication serum T levels in the T patch group 
remained at the lower limit of the normal range throughout 
the entire treatment period. Serum T levels after T gel ap- 
plication reached steady state at about l-2 days after the 
initial application (24). Thereafter, the mean serum T levels 
remained at about 17-20 nmol/L in the T gel 50 group and 
about 22-30 nmol/L in the T gel 100 group (Fig. 2, upper 
palzel). 

Pharmacokinetics of serum free T concentration 

At baseline (day 0), serum free T Ca,,s was similar in all 
three groups (T patch, 167 + 14; T gel 50,154 -C 14; T gel 100, 
150 2 13 pmol/L) and was at the lower limit of the adult male 
range (121-620 pmol/L). The detailed pharmacokinetic pa- 
rameters of serum free T on days 1,30,90, and 180 mirrored 
those of serum total T as described above (data not shown). 
Similar to the total T results, the free T Ca,,s achieved by the 
T gel 100 group was 1.4 and 1.7-fold higher than those in the 
T gel 50 and T patch groups, respectively (P = 0.001). 

The preapplication mean free T levels throughout the 
treatment period in all three groups were within the normal 
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FIG. 1. Serum T concentrations (mean 2 SE) before (day 0) and after transdermal T applications on days 1.30,90, and 180. Time 0 h was 0800 h, 
when blood sampling usually began. On day 90. the dose in the subjects applyingT gel 50 or 100 was up- or down-titrated if their preapplication 
serum T levels were below or above the normal adult male range, respectively. In this and subsequent figures the dotted lines denote the adult 
male normal range, and the dashed fines and open symbols represent subjects whose T gel dose were adjusted. 

range, with the T gel 100 group maintaining higher free T 
levels than both the T gel 50 and T patch groups (Fig. 2, nziddle 
panel). The calculated percent free T (free T/T X 100) re- 
mained between 1.6-2.2% before and throughout the trans- 
derrnal T treatment period. Exogenous T replacement did not 
significantly alter the percent free T in any of the treatment 
groups (Fig. 2, lower panel). 

Serum DHT concentrations 

The pretreatment mean serum DHT concentrations were 
between 1.24-1.15 nmol/L, which were near the lower limit 
of the normal range (1.06-6.66 nmol/L) and were not dif- 
ferent among the three groups (Fig. 3, upper panel). After T 
patch application mean serum DHT levels rose to about 
1.3-fold above the baseline, whereas serum DHT increased to 
3.6fold (within the normal range) and 4.8-fold (at the upper 
limit of the normal range) above the baseline after application 
of T gel 50 and 100 (P = O.OOOl), respectively, throughout the 
180 days. Examination of the DHT to T ratio (Fig. 3, middIe 
panel) showed that this ratio was not significantly altered in 
the T patch group (P = 0.078), whereas in the T gel 50 and 
100 groups, the DHT to T ratio increased significantly from 
a baseline of 0.2 to between 0.23-0.29 and 0.29-0.33, respec- 
tively, during the treatment period (P = 0.0001 for both 
groups). The mean serum total androgen levels (calculated as 
the sum of serum T + DHT levels for each time point) 
achieved by T gel 100 throughout the treatment period were 

1.4- and 2.5-fold higher than those in the T gel 50 (-20 
nmol/L) and T patch (-10 nmol/L) groups, respectively 
(P = 0.0001; Fig. 3, lower parwl). Adjustment of the T gel dose 
on day 90 did not significantly affect the serum DHT levels, 
DHT/T ratios, or total androgen levels. 

Serum Ez concentrations 

The baseline mean serum E7 levels were at the lower nor- 
mal range and were not different in the three treatment 
groups. After transdermal T application, mean serum estra- 
diol increased to stable levels by an average of 9.2% in the T 
patch during the treatment period, 30.9% in the T gel 50 
group, and 45.5% in the T gel 100 group (P = 0.001; Fig. -I). 

Serum SHBG concentrations 

The serum SHBG levels were similar and within the adult 
male range in the three treatment groups at baseline. After 
T replacement, serum SHBG levels showed a small decrease 
in all three groups (P = O.OO&; data not shown), which was 
most marked in the T gel 100 group (baseline, 26.6 2 2.0; da! 
90, 23.6 2 2.7; day 180, 21.0 or 1.7 nmol/L; P = 0.0095). 

Suppression of serum gonadotropin levels 

Because of the wide variability in the baseline serum LH 
and FSH levels, these were expressed as the percent change 
from baseline in response to T replacement (Fig. 5). The mean 
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FIG. 2. Preapplication serum T (upper 
panel), free T (middle panel), and per- 
cent f&e T (lower panel) concentrations 
during daily treatment with T gel or 
patch fkom days l-90 (Zefi panel) and 
days 90-180 (right panel). On day 90, 
the dose in the T gel groups was 
changed in some subjects, as described 
in Fig. 1. A, T patch, n , T gel 50; 0, T gel 
lOO;G,Tgel50to75;0, TgellOOto75. 
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percent suppression of serum LH levels was least in the T 
patch group (between -30-M%), intermediate in the T gel 
SO group (between -5!&60%), and most marked in the T gel 
100 group (between -8085%; P C 0.01). The suppression of 
serum FSH paralleled that of serum LH levels. In the subjects 
with primary hypogonadism, mean serum LH and FSH lev- 
els were suppressed to within the normal range after both 
doses of T gel administration, but remained above the normal 
range after T patch application. The suppression of serum 
gonadotropins occurred in all hypogonadal subjects regard- 
less of the classification of hypogonadism. 

Discussion 

We have shown in this study that transdermal application 
of this new hydroalcoholic T gel formulation (AndroGel) to 
a large area of skin (arms, shoulders, and abdomen) at 50 and 
100 mg/day (in 5 and 10 g gel, delivering approximately 5 
and 10 mg T/day, respectively) resulted in dose proportional 

increases in serum T in a large number of hypogonadal men. 
After the first application of T gel, serum T levels gradually 
climbed to reach a maximum level after 48-72 h, as shown 
in our previous report (24). On repeated application, as il- 
lustrated by the pharmacokinetics, parameters on days 30, 
90, and 180 remained remarkably similar and steady serum 
T levels were maintained, with small and variable peaks of 
serum T after each application. The T levels achieved with the 
T patch showed little evidence of accumulation (accumula- 
tion ratio, - 1) with repeated application. The accumulation 
ratios were higher in both T gel groups (1.5-1.9) on day 30, 
consistent with the longer lasting elevations of serum T. With 
continued application of T gel, the accumulation rates 
showed no further increases, suggesting no further accumu- 
lation on days 90 and 180. 

Dose titration of T gel to 75 mg was initiated after day 90 
in the hypogonadal men who had serum T levels above or 
below the normal range. Because of study design there was 
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FIG. 3. Preapplication serum DHT con- 
centration (upper panel), DHTA ratio 
(middle panel 1. and DHT and T concen- 
trations (lower panel) during daily 
trnnsdermal T treatment from days 
l-90 (lefipanef) and days 90-180 (right 
panel). A, T patch; a, T gel 50; 0, T gel 
100; Cl, T gel 50 to 75; 0, T gel 100 to 75. 
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no dose adjustment within the T patch group. Increasing the 
number of T patches to three or four a day could have 
resulted in increases in the mean serum T concentrations (16), 
but might have led to an even higher dropout rate because 
of skin irritation in some subjects. The patients who were 
converted from the T gel 50 to 75 mg/day, despite increasing 
.’ ,: dose by 50%, had average serum T levels lower than those 
remaining in the T gel 50 group. It is uncertain whether these 
lower responders to T gel might be less compliant or are 
biologically different. The former may be possible in some 
individuals, as about one third of the subjects had a lower 
mean compliance rate of 80%, and the average serum T levels 
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attained were related to the mean compliance rate. Altema- 
tively, some patients might have low absorption and high 
clearance of T either in the basal state or after induction by 
exogenous T. Downward titration of the T gel dose from 100 
to 75 mg/day was effective in decreasing the mean serum T 
level in the group by 15% and lowering the serum T con- 
centration to the normal range in 16 of 19 of these hypogo- 
nadal men. 

The present study examined a new transdermal open sys- 
tem, T gel, together with the available standard closed T 
patch system. A placebo group was not included because of 
ethical problems associated with withdrawing or delaying T 
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FIG. 4. Serum E, levels during trans- 
dermal T treatment from days l-90 (left 
panel) and days 90-180 bightpanel). A, 
T patch; n , T gel 50; 0, T gel 100; 0. T 
gel 50 to 75; 0, T gel 100 to 75. 
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FIG. 5. Percent change in serum LH 
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replacement in hypogonadal men for a prolonged 6-month 
study period. Despite a relatively higher dropout rate, phar- 
macokinetic data obtained from this large group of hypogo- 

nadal men treated with this T patch were similar to those 
previously reported (14, 15). 

Serum free T levels rose after transdermal T gel or T patch 
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application, paralleling those of serum T. The percent free T 
did not change significantly with T treatment. The results 
were corroborated by the small decreases, probably not clin- 
ically significant, in serum SHBG observed after transdermal 
T replacement in 911 three groups. The results indicated that 
when T is administered by the transderrnal route, the lack of 
the first pass effect of the liver resulted in minor, if any, 
decreases in SHBG. 

T gel application resulted in mean serum DHT that tripled 
1 

after application of 50 mg T gel and rose nearly 5-fold with 
100 mg T gel treatment. As 5a-reductase is present in non- 
genital skin (25), the increase in DHT/T ratios in the 100 and 
50 mg gel groups could be explained by the higher conver- 
sion in the skin of T to DHT as a result of the large area of 
skin surface exposed to T in the gel groups compared with 
the very small area of skin exposed to the T patch. Increased 
DH’T/T ratios have been observed with the transdermal scro- 
tal patch, where even greater DHT/T ratios were noted (ll- 
13). DHT is a potent androgen that is not back-convertible to 
T or aromatizable to Ez. Serum levels of T and DI-IT are not 
equivalent in all aspects of biological action, but certainly 
both have major actions on multiple androgen-dependent 
target organs. The biological impact of the moderately 
greater increase in DHT after T gel application is unclear 
other than its additive effect on total androgen action. Serum 
E, levels showed small and proportionate increases after 
transdermal T application that may be important for the 
known beneficial effects of estrogens on serum lipid levels, 
vascular endothelium reactivity, and bone resorption. 

The biological activity of the T replacement in the hy- 
pogonadal men was evidenced by the consistent suppression 
of serum gonadotropin levels in the patients after transder- 
ma1 T applications. The suppression of gonadotropins was 
proportional to the serum T levels achieved by the T patch 
or T gel. The marked and consistent suppression of gonad- 
otropins observed after T gel 100 treatment suggested that 
such a modality of T delivery could be used in a male con- 
tracep tive regimen. 

All patients were diagnosed to have male hypogonadism 
by their primary physician. In each of the three treatment 
groups, the same proportion (-30-35%) of subjects had sub- 
normal serum T levels at screening (assayed at each center’s 
clinical laboratory), but their average serum T levels over 24 h 
were within the normal range when studied at baseline (on 
another day and assayed at the central laboratory). Serum T 
in a population of men is to a great extent a continuum. The 
selection of men that had serum T levels below 10.4 nmol/L 
at screening would inevitably allow some subjects to have 
serum T above this arbitrarily defined threshold (approxi- 
mately <2 SD below the mean for young adult men) on 
subsequent measurements. The admission criterion requir- 
ing a serum T concentration of 10.4 nmol/L or less is arbitrary 
and necessary for the design of a clinical study; however, 
there is no definite evidence that there is a threshold level of 
T at which biological response changes. The well known 
intrasubject variability from day to day and the differences 
between T assays using different reagents and methods 
might account for this discrepancy between screening and 
baseline levels. It is also not uncommon in clinical practice 

that on repeat serum T measurements, some hypogonadal 

patients would have serum T levels that fluctuate in and out 
of the statistical normal range. ln practice, if symptomatic, 
many if not most of these men received androgen replace- 
ment therapy. The situation for assessment of pharmacoki- 
netic parameters after administration of naturally occurring _--- 
substances (e.g. T) poses different problems from those after 
administration of non-naturally occurring substances in the 
body. Ultimate serum levels attained in dynamic closed loop 
endocrine systems are complex and include integration of T 
levels (with endogenous serum T decreasing while serum T 
rises from exogenous administration), the characteristics of 
the formulation, the generic and individualized metabolic 
factors, and the duration of treatment. Although serum T 
levels attained in the groups with low or normal baseline 
levels were different, statistical analyses showed that the 
relative response to T transdermal treatment was not affected 
by the initial value. Thus, inclusion of these subjects did not 
influence the treatment comparison. 

We conclude that transdermal T gel application can effir 
ciently elevate serum T and free T levels in hypogonadal men 
into the mid to upper normal range within the first day of 
application, achieve steady state within a few days, and 
maintain serum T levels with once daily repeated applica- 
tions. Although serum DHT/T ratios were raised after T gel / 
applications, these ratios remained within the normal range. 
Serum E, levels were increased, and gonadotropin levels 
were suppressed in proportion to serum T levels. The phar- 
macokinetic profile and the dose proportionality observed 
after T gel application indicate that this transdermal delivery 
system may provide dose flexibility and serum T levels from 
the low to the high normal adult male range. 

Acknowledgments 

We thank Barbara Steiner, R.N., B.S.N.; Carmelita Silvino, RN.; the 
nurses at the General Clinical Research Center (Harbor-University of 
California-Los Angeles IMedical Center, Torrance, CA); Emilia Cordero, 
R.N. (V.A. Medical Center, Houston, TX); Tam Nguyen (The Johns 
Hopkins University, Baltimore, &lD); Nancy Valler (V.A. Medical Cen- 
ter, Salem, VA); Janet Gilchriest (V-A. Puget Sound Health Care System, 
Seattle, WA); Helen Peachey, R.N., M.S.S. (University of Pennsylvania 
Medical Center, Philadelphia, PA); Mike Shin and Cheryl Franklin-Cook 
(Duke University Medical Center, Durham, NC); K. Todd Keylock (The 
Chicago Center for Clinical Research, Chicago, IL); Brenda Fulham 
(West Coast Clinical Research, Van Nuys, CA); Shari L. DeGrofft (Urol- 
ogy Research Options, Aurora, CO); Mary Dettmer (Center for Health 
Studies, Cleveland, OH); Jessica Bean and Maria Rodriguez (South Flor- 
ida Bioavailability Clinic, Miami, FL); George Gwaltney, R.N. (Diabetes 
and Glandular Disease Clinic. P.A., San Antonio, TX); Peg2 Tinkey 
(Northeast Indiana Research, Fort Wayne IN); Bill Webb t.LtultiMed 
Research, Providence, RI); and Linda Mott (Alabama Research Center, 
L.L.C., Birmingham, AL) for study coordination, and other support staff 
of each study center for their dedicated effort in conducting these stud- 
ies. F. Ziel, M. D. (Kaiser PermanenteSouthem California) referred many 
patients to Harbor-University of California-Los Angeles Medical Center 
for this study. We thank A. Leung, H.T.C.; S. Baravarian, Ph.D.; Vince 
Atienza, B.Sc.; Magdalene Que, BSc.; Joy Whetstone, BSc.; Stephanie 
Griffiths, M.Sc.; LMaria La Joie, BSc.; and Ellen .Aquino, BSc., for their 
skillful technical assistance with many hormonal assays; Laura Hull, 
B.A., for data management and graphical presentations; and Sally Avan- 
cena, M.A., for preparation of the manuscript. 

References 
1. Bhasin S, Gabelnick HL, Spieler JM, Swerdloff RS, Wang C. 1996 Phanna- 

cology, biology and clinical applications of androgen. New York: Wiley Liss. 



4510 SWERDLOFF ET AL.. 

2’. Wang C, Swcrdloff RS. 1997 Androgen replacement therapy. Ann YIed 
29365-70. 

3. Nieschlag E, Bchre HM. 1996 Testosterone: action, deficiency, substitution. 
2nd Ed. Berlin Springer. 

4. Wang C, Swtrdloff RS. 1999 Androgen replacement therapy, risks and hen- 
efits. In: Wang C, ed. Male reproductive function. Boston: Kluwer; 15i-1X. 

5. McClellan KJ, Goa KL. 1998 Transdennal testosterone. Drugs. 55:25>5C. 
6. Jordan WP. 1997 Allergy and topical irritation associated with transdermal 

testosterone administration: a comparison of scrotal and non-scrotal tra,,- 
dermal systems. Am J Contact Dermat. 8:108-113. 

i. Jordan WP Jr, Atkinson LB, Lai C. 1998 Comparison of the skin irritation 
potential of two testosterone transdermal systems: an investigational system 
and a marketed product. Clin Ther. 20~80-87. 

6. Wilson DE, Kaidbey K, Boike SC, Jorkasky DK. 1998 Use of topical cozi- 
costerol pretreatment to reduce the incidence and severity of skin reactions 
associated with testosterone transdermal delivery. Clm Ther. 20:229-306. 

9. Yu 2, Cupta SK, Hwang SS, Kipnes MS, Mooradian AD, Snyder PJ, At- 
kinson LE. 1997b Testosterone pharmacokinetics after application of an in- 
vestigational transdermal system in hypogonadal men. J Clin Pharma& 
321139-1145. 

10. Yu Z, Gupta SK, Hwang SS, Cook DM, Duckett MJ, Atkinson LE. 1uya 
Transdermai testosterone administration in hypogonadal men: comparison. of 
pharmacokinetics at different sites of application and at the first and fifth tiayb 
of application. J Clin Pharmacoi. 37:1129-3118. 

11. Findlay JC, Place V, Snyder PJ. 1989 Treatment of primary h!pogonadisrr. m 
men by the transdermal administration of testosterone. J Clm Endocrm~l 
sletab. 68369-373. 

12 Cunningham GR, Cordero E, Thomby JL 1989 Testosterone replacement \\-ith 
transderrnal therapeutic systems. Physiological serum testosterone and ele- 
vated dihvdrotestosterone levels. JAMA. 261:25X&2530. 

13. Nieschlag E, Bals-Pratsch M. 1989 Transdermal testosterone. I-axe!. 
1:1146-1147. 

14. Meikle AW, Muer NA, Moellmer JF, Stringham JD, Tolman KG, Sanders 
SW, Ode11 WD. 1992 Enhanced transdermal delivery of testosterone across 
nonscrotal skin produces physiological concentrations of testosterone and its 
metabolites in hypogonadal men. J Clin Endocrinol Metab. 7462%626. 

JCE&M*2000 
Vol. 85 l No. 12 

15. Meikle AW, Arver S, Dobs AS, Sanders SW, Rajaram L, Mazer NA. 1996 
Pharmacokinetics and metabolism of a permeation-enhanced testosterone 
transdermal system in hypogonadal men: influence of application site-a clin- 
ical research center study. J Clin Endocrinol Metab. 81:1832-l&40. 

16. Brocks DR, Mcikle AW, Boike SC, Mazer NA, Zariffa N, Audet PR, Jorkasky 
DK 1996 Pharmacokinetics of testosterone in hypogonadal men after trans- 
dermal delivery: infhrence of dose. J Clin Pharmacol. 36:732-739. 

17. Wilson DE, Meikle AW, Boike SC, Faila AJ, Etheredge RC, Jorkasky DK. 
1998 Bioequivalence assessment of a single 5 mg/day testosterone transdermal 
system versus two 2.5 mg/day systems in hypogonadal men. J Clin Pharmacol. 
3854-59. 

18. Arver S, Dobs AS, Meikle AW, Caramelli KE, Rajaram L, Sanders SW, Mazu 
NA. 1997 Long-term efficacy and safety of a permeation-enhanced testosterone 
transdermal system in hypogonadal men. Clin Endocrinol (Oxf). 47:727-737. 

19. Behre HM, von Eckardstein S, Kliesch S, Nieschlag E 1999 Long term 
substitution of hypogonadai men with transcrotal testosterone over 7-10 years. 
Clin Endocrinol (Oxf). 50~629-635. 

20. Snyder PJ, Peaches H, Hannoush P, et al. 1999 Effect of testosterone treatment 
on-bone mineral d&t&y in men over 65 years of age. J Clin Endocrinol Metab. 
84:1966-1972. 

21. Snyder PJ, Peachey H, Hannoush P, et al. 1999 Effect of testosterone treatment 
on bodv composition and muscle strength in men over 65 years of age. J Clin 
Endo&inol Metab. 84:2647-2653. 

22. 
23. 

Sitruk-Ware R 1989 Transdermal delivery of steroids. Contraception. 39:1-20. 
Wang C, Iranmanesh A, Berman N, et al. 1998 Comparative pharmacokinetics 
of three doses of percutaneous dihydrotestosterone gel in healthy elderly 
men-a clinical research center study. J Clin Endocrinol Metab. 83~2749-2757. 

24. Wang C, Berman N, Longstreth JA, et al. 2000 Pharmaokinetics of trans- 
dermal testosterone gel in hypogonadal men: application of gel at one site 
versus four sites. J Clin Endocrinol Metab. 85964-969. 

25. Russell DW. 1993 Tiiue distribution and ontogeny of steroid 5a reductase 
isozyrne expression. J Clin Invest. 92903-910. 

26. Wang C, Swerdloff RS. 1999 Male contraception in the 21” century. In: Wang 
C, ed. Male reproductive function. Norwell: Kluwer; 303-319. 



PLEASE FOLD THIS SHIPPING DOCUMENT IN HALF AND PLACE IT IN A WAYBILL POUCH AFFIXED 
TO YOUR SHIPMENT SO THAT THE BAR-CODE PORTION OF THE LABEL CAN BE READ AND SCANNED. 
*“WARNING: USE ONLY THE PRINTED ORIGINAL LABEL FOR SHIPPING. USING A PHOTOCOPY OF 
THIS LABEL FOR SHIPPING PURPOSES IS FRAUDULENT AND COULD RESULT IN ADDITIONAL 
BILLING CHARGES, ALONG WITH THE CANCELLATION OF YOUR FEDEX ACCOUNT NUMBER. 

--___---____________--------------------------------------------------------------------------------------------------------------------------------------- 
FROM: Marilyn Biondi (770)578-9000 

Solvay Pharmaceuticals SHIPPER’S FEDEX ACCOUNT NUMBER 
901 Sawyer Rd 

Marietta, GA 30062 

TO: Dockets Management Branch (301)827-6860 
FDA-DHHS 
5630 Fishers Lane 
Room 1061 -HFA-305 

SHIP DATE: 28MAR02 
MAN-WGT: 1 LBS 

Rockville, MD 20852- 
REF: 160000 

DELIVERY ADDRESS BARCODE (FEDEX-EDR) 

CAD # 4730053 PRIORITY OVERNIGHT FRI 
A2 

TRK # 7927 1547 1852 FORM 0201 
Deliver Bv: 

IAD 29MAFto2 

20852-MD-US 
DROP OFF 7 A 

m 


